Induction of apoptosis in human replicative senescent fibroblasts.
Cellular senescence is an irreversible growth phase characteristic of normal cells. We have found that human senescent fibroblasts can be induced to undergo programmed cell death (apoptosis) by ceramide, TNF-alpha, or okadaic acid. The most profound effects were induced by TNF-alpha and okadaic acid treatment. In the present study, we also evaluated the contribution of lysosomal activation as a possible mechanism underlying the induction of apoptosis. Four lysosomal enzyme activities were measured: beta-galactosidase, alpha-galactosidase A, beta-glucoronidase, and acid phosphatase. Using an in situ assay, we have found that the activity of beta-galactosidase, which is also a biochemical marker of senescence, is induced in young proliferating fibroblasts following exposure to all three apoptotic inducing agents. The other enzymes were not significantly induced in young fibroblasts following exposure to agents that induce apoptosis. During replicative senescence, three of the four lysosomal enzymes tested (beta-galactosidase, alpha-galactosidase A, and beta-glucoronidase) are constitutively expressed at high levels. TNF-alpha was the only agent that induced lysosomal activity in senescent fibroblasts, of which only alpha-galactosidase A activity was induced. Our studies show that senescent fibroblasts can be induced to undergo apoptosis in a signal-dependent manner. However, the lysosomal enzymes examined do not appear to be correlated with apoptotic induction.